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Non-Linear Thermal Model for Transformers Study
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Abstract: This article begins with a study of transformer additional losses due to the presence of non-sinusoidal
loads, presents existing models to represent these losses and proposes an original model. Consequent increment
in transformer loss of life is studied by means of a sensitivity analysis of the model to transformer rated power,

load amplitude, thermal inertia, profiles correlation and harmonic spectrum content.
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1 Introduction

The proliferation of non-linear loads causes a
harmonic distortion on public and industrial
networks. The transformers thermal ageing,
estimated for sinusoidal loads, may increase if
harmonic currents are considered. This is the main
subject of this chapter. Transformer additional
losses due to power supply distortion can reside
both on voltage and current harmonics. On section
§2, the variation of additional losses with frequency
is analysed. Additional losses of a set of conductors
located on an equivalent slot are determined and
comparisons for several equivalent cross sections of
conductors are presented. The influence between
currents of adjacent conductors plays a determinant
role on additional losses determination since they
limit, in frequency, the reduction in losses achieved
by sub-dividing large cross section conductors.
These results are also illustrated with graphs of
conductor’s  current density for different
frequencies. Models obtained for losses generated
on conductors placed on slots are generalised for
transformer windings with rectangular cross section
conductors. The models of these additional losses,

frequency limited and is easy to parameterise since
it relays only on the transformer rated power. The
proposed model is compared with existing ones to
evidence the achieved improvements.

2 Transformer Losses Driving

Non-Sinusoidal Loads
Transformer total losses can be separated into no-
load losses, also referred as core losses related to
the voltage, and load losses, also referred as
winding losses related to the current. No-load
losses comprise hysteresis and eddy current losses
in the transformer magnetic core. These losses are
related to permeability and conductivity of core
magnetic material, the core lamination and design
and also to the magnetic induction field, which in
turn depends upon the applied voltage [1],[2]. As a
consequence of voltage distortion on the
transformer power supply, no load losses will be
affected, relatively to losses generated under a
purely sinusoidal voltage. International Standards
[3],[4], impose that for distribution transformers,
harmonic distortion on the power system voltage
must be below 5%, apart excessive harmonic

presented on section §2, are difficult to loading or resonance conditions [5],[6]. Under
parameterise since they require a detailed these conditions and having the MV power system
knowledge of transformer electric and magnetic a higher internal short-circuit power than the rated
circuits. In the specialised literature several apparent power of the considered transformer, the

simplified versions which validity is, limited in
frequency, can be found. A new model of
transformer additional losses due to current
harmonics is presented. The proposed model is not
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frequency of the applied voltage is predominantly
the fundamental. Thus, the voltage distortion level
will not induce significant additional no-load losses
and no correction is needed on no-load losses due
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